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Abstract 
III-V family semiconductors have received considerable attention for microelectronic and optoelectronic applications. In particular, 
GaN nanostructures have a huge number of applications due to its wide and direct band gap, high melting point and high electrical 
breakdown field. Wurtzite structure of GaN nanoparticles and nanowires were synthesized using different hydrogen gas flow rate 
of 0, 3 and 7 sccm (standard cubic centimetres per minute) via pulsed direct current plasma enhanced chemical vapor deposition 
(PDC-PECVD) at low temperature, 650 °C. GaN nanostructures including nanowires and nanoparticles were grown using gallium 
atoms and nitrogen plasma on Si (111) substrates. Characterizations of GaN nanostructures were carried out using X-ray diffraction 
(XRD), energy dispersive X-ray spectroscopy (EDS) and field emission electron microscopy (FE-SEM). Morphology of the grown 
GaN nanostructures changed from nanoparticles to nanowires with increasing the hydrogen gas flow rates. XRD results 
demonstrate that lattice constants ratio of a/c of hexagonal structure and gallium/nitrogen ratio in the synthesized GaN 
nanostructures decreased with increasing hydrogen flow rates. GaN nanoparticles and nanowires were grown on Si (111) with 
average diameters of 45 nm and 25 nm, respectively. The results show that the hydrogen plasma can significantly affects on 
morphology and lattice parameters of GaN nanostructures by low temperature PECVD method.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of UFGNSM15. 
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1. Introduction 
GaN nanostructures such as nanowires and nanoparticles have been the subject of many researches recently, which 
could be due to its unique physical properties and many potential applications (LEDs, lasers, solar cells, detectors, 
etc) Ehrentraut et al. (2010), Lin et al. (2013). Its optical properties depend on growth direction, strain and stress, 
morphology, dopants and built-in polarization, Chen et al. (2003), Chin et al. (2007), Cruz et al. (2009). Recently, 
effect of different vapor precursors and carrier gas flows on structural, morphological and optical properties of GaN 
nanostructures were reported, Shekari et al. (2012). Using N2, N2 mixed with H2 and Ar gas for synthesizing GaN 
nanostructures produced different morphologies such as nanorods, nanotriangles and nanowires like tree branches, 
respectively, Saron et al. (2012). Hydrogen gas has a significant effect for increasing growth rates of GaN in molecular 
beam epitaxy (MBE) method, Myers et al. (1998), Yu et al. (1996). These reports show that gas flow play a significant 
role in morphological, structural and optical properties to grow GaN nanostructures.  
In this research, we report the effect of hydrogen gas flow on morphologies, sizes, lattice constants and Ga/N ratio 
of GaN nanostructures on Si (111) using PDC-PECVD. No NH3 gas and catalyst were used in this experiment. This 
technique is simple, green, flexible and inexpensive at low temperature as compared to molecular beam epitaxy, metal 
organic CVD and hydride vapor phase epitaxy methods, Kuykendall et al. (2003), Myers et al. (1998), Schuster et al. 
(2012), Yu et al. (1996).  
2. Experimental 
GaN nanostructures including nanowires and nanoparticles were synthesized using a PDC-PECVD manufactured 
by Plasmafanavar Co, Iran. Si  substrates were washed using conventional Radio Corporation of America method, 
Shekari et al. (2011). Prior to the growth process, the pressure of quartz tube was around 10-3 Torr to decrease the 
impurities in deposition of samples. Nanoparticles and nanowires of GaN were grown under about 1Torr pressure of 
reaction chamber. Furnace temperature was increased from room temperature to 650 °C and then maintained at 120 
min. Nitrogen gas was introduced at 500°C with 150 standard cubic centimeters per minute (sccm) and argon pressure 
was around 100 sccm. Hydrogen effects which are the main goal of this research were at 0, 3, 7 and 12 sccm. Nitrogen 
and hydrogen plasma were generated and produced active nitrogen radicals and ions to create GaN nanostructures.  
Morphologies of the grown nanostructures were analyzed using field emission scanning electron microscopy (FE-
SEM). Further structural characterizations were performed using energy-dispersive X-ray (EDX) and X-ray 
diffraction (XRD) with λ=1.79 A
R
 cobalt radiation. 
3. Results and discussion 
Figure 1(a-d) show the FE-SEM images of grown GaN nanostructures with 0, 3, 7 and 12 sccm hydrogen gas flow 
rates, respectively. With increasing the flow rate of hydrogen the morphologies of GaN nanostructures have changed 
from nanoparticles (without incorporation of hydrogen gas) to nanowires (at 7 sccm of hydrogen). Other gas flows 
such as nitrogen and argon were kept constant in all process. Hydrogen was used as a reducing gas to prevent the 
oxidation of gallium from the surface of electrodes but more important role of hydrogen is fraction change within the 
introduced gases (N2, Ar and H2) as shaping tool for the grown nanostructures and changed in growth rates of GaN 
formation process, Shimomura et al. (1992), Weide and Nemanich (1993). The mechanism of the hydrogen effect on 
GaN growth in this research can be divided in three states, state 1: without hydrogen presence, nitrogen plasma 
attacked the Si substrate. According to reference, Dubrovskii (2014), Furtmayr et al. (2008), Si substrate can be 
covered with a thin amorphous SixNy interlayer after inducing  a nitridation process. Nitrogen species penetrate into 
the Si, and due to the smaller Si-Si bond compared to the Si-N bond, this is accompanied by creation of local 
compressive strain filed. Nitrogen-rich or silicon-rich areas on the nitridated Si can be act as nucleation sites for GaN 
grown at a low temperature, Furtmayr et al. (2008). The large amount of nucleation sites can cause nanoparticles to 
grow (Fig. 1a). State 2: hydrogen gas was introduced with 3 and 7 sccm. 
306   M. Gholampour et al. /  Procedia Materials Science  11 ( 2015 )  304 – 308 
Fig. 1. FESEM images of GaN nanostructures at: (a) 0 sccm; (b) 3 sccm; (c) 7 sccm; (d) 12 sccm, of hydrogen. 
 
 It is well known that hydrogen easily bonds to the surface of semiconductors, such as silicon, Myers et al. (1998). 
One possibility is that the hydrogen atoms bonded to the Si atoms and nitrogen species adsorbed on the Si substrate, 
and then N atoms attracted by those hydrogen atoms and  N-H bond was formed. So N-H molecules are speculated to 
work as nucleation sites for GaN growth. Then GaN nanowires were started to grow at 3sccm of hydrogen (Fig. 1b), 
Myers et al. (1998), Yu et al. (1996), Schuster et al. (2012). Growth rate increased with increasing hydrogen flow 
from 3 to 7 sccm as confirmed by other researchers, Myers et al. (1998), Yu et al. (1996). GaN compound prefer to 
grow on GaN sites therefore nanowires were grown in 7sccm of hydrogen flow (Fig. 1c). State 3: with increasing the 
hydrogen gas flow a thin layer of hydrogen covered a large surface area of the substrate and there aren't preferred sites 
to grow GaN then nanoparticles of GaN were formed in Fig 1d.  
Fig. 2a shows the XRD pattern of wurtzite GaN nanostructures in the four processes in this research. Three main 
peaks of GaN crystal plans including (100), (002) and (101) can be observed.  (100) and (101) plans have right shift 
and (002) plan has a left shift. The black line indicated two oxidation compounds of SiO2 and Ga2O3; it could be 
because of the inexistence of hydrogen. The red pattern of XRD shows a Ga2O3 peak in low concentration of 3sccm 
of hydrogen. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. (a) X-ray diffraction of GaN nanostructures at different hydrogen flow rates; (b-d) lattice parameters of hexagonal structures of GaN. 
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Fig. 2b and 2c show that the c-parameter of wurtzite structure of GaN increased and a-parameter decreased with 
increasing hydrogen, respectively. The shifts of plans show that the hexagonal structure of GaN was extended in c-
direction in Fig. 2d. According to Fig. 2 lattice constants parameters (a and c) of the grown GaN nanostructures, with 
increasing hydrogen, near to the perfect hexagonal GaN structure which were reported (a=3.18A
R
 and c=5.18A
R
), 
Shekari et al. (2014). It can be hydrogen ions enhanced the decomposition of N≡N gas and improve the formation of 
GaN with less defects of nitrogen vacancy, Myers et al. (1998), Yu et al. (1996). 
EDS spectra of grown samples were shown in Fig. 3(a-d). Fig. 3(a-d) was summarized in Fig. 3f and indicated that 
nitrogen in GaN nanostructures increased with increasing hydrogen, which could be due to the more decomposition 
of nitrogen. In perfect GaN compound the weight percent ratio of Ga/N is about 83/17, respectively. In this research, 
Ga/N ratio of GaN nanostructures reached about 84/16 at 12 sccm hydrogen flow. The slope of the line of 0 to 3 sccm 
and 3 to 12 sccm of hydrogen flow rates, in Fig. 3 show that the presence of hydrogen have significant effect on 
amount of nitrogen in GaN compound. Fig. 4 illustrates the size distribution of specimens. The grown sample in 3 
sccm of hydrogen flow was not determined which could be due to mixing up the nanoparticles and nanowires. 45 and 
80 nm are maximum diameter sizes of nanoparticles at 0 and 12 sccm, respectively. Maximum diameter size for 
nanowires was 25 nm.  
It could be believed that using different hydrogen gas flows in plasma ambient can meditate kind of GaN 
nanostructures growth, as reported in this growth method. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. EDS analysis of grown GaN nanostructures at: (a) 0 sccm; (b) 3 sccm; (c) 7 sccm; (d) 12 sccm of hydrogen; (f) nitrogen percent (weight 
%) at different hydrogen flow of GaN nanostructures were grown by PDC-PECVD. 
 
 
 
 
 
 
 
 
 
 
Fig. 4. (a) size distributions of GaN nanoparticles; (b) diameter size distributions of GaN nanowires; (c) size distributions of GaN nanoparticles, 
at different hydrogen flow rates. 
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4. Conclusion 
In this research, the effect of hydrogen flow rates to grow GaN nanosructures using PDC-PECVD were studied. 
FESEM images revealed that hydrogen flow rates significant effect on morphologies from nanoparticles to nanowires 
of GaN. The XRD patterns of samples indicated that the wurtzite type stucture of GaN nanoparticles and nanowires 
were grown on Si wafers. The XRD and EDS analysis showed that at 12 sccm hydrogen the structure of GaN was 
near to the perfect hexagonal structure and Ga/N ratio. These results show that hydrogen gas in plasma can play 
important role in morphology, structure and compound ratio of GaN nanostructures in PDC-PECVD method.  
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